Introduction {#sec1-1}
============

Spinal cord injuries result in damage to the myelinated fibers of the spinal cord and/or nerve roots, causing myelopathy.\[[@ref1]\] There are various causes of spinal cord injuries, e.g., trauma, tumor, and demyelination. These injuries can cause damage to the central gray matter, involving interneurons and motor neurons. Pathologically, such spinal cord insult can cause Wallerian degeneration either above or below the level of injury. MRI can detect these changes as increased signal intensity on T2W(T2 weighted) images.\[[@ref2]\] However diffusion tensor imaging (DTI) has the potential to detect abnormalities in the spinal cord, even in cases where routine MRI (Magnetic resonance imaging) may be normal.\[[@ref3]\] We evaluated the feasibility of DTI for quantification of the extent of Wallerian degeneration in spinal cord injuries in both the cervical and the dorsal cords.

Materials and Methods {#sec1-2}
=====================

Subjects {#sec2-1}
--------

The study was performed after taking ethics committee approval. DTI was done in 29 subjects: 18 patients of spinal cord injury and 11 age-matched controls. There were 12 males and 6 females in the patient group; the ages ranged from 19 years to 59 years, with a median age of 33.5 years. Tensor imaging was also done in 11 age-matched controls, of which ten were males and one female. The same protocol was followed in both groups. The age of the subjects in the control group ranged from 20 years to 53 years, with a median age of 33 years. All patients had spinal cord injury following road traffic accident, except one patient who had spinal cord injury due to assault (patient no. 7). Time since injury and imaging varied from 3 months to 84 months.

MR imaging {#sec2-2}
----------

MRI was done in a 1.5-T machine (Wipro GE, Milwaukee, WI, USA). T2W images in the sagittal and axial planes were obtained at the region of interest (ROI). If cord myelomalacia or signal changes (post-traumatic) were seen in the cervical region, then tensor imaging was done in the dorsal cord or in the conus region, and if cord changes were in the dorsal or conus region then tensor imaging was done in the cervical region. DTI was performed in the axial plane, perpendicular to the long axis of the cord, using an 8-channel cervical thoracic lumbar CTL (Cervical thoracic lumbar) array spine coil with the following parameters: 25 directions EPI tensor imaging (TR (Repetition time): 8500; TE (time to echo): 97.6; b value: 1000; frequency: 128; phase: 128; NEX (number of excitations): 1; FOV (field of view): 26 × 20.8; slice thickness: 5 mm with zero interslice gap; and bandwidth: 250 kHz).

Image processing {#sec2-3}
----------------

Image processing was done using the Functool™ software provided by GE, and quantitative analysis was performed to calculate the fractional anisotropy (FA) using standard methods. Three ROIs were placed randomly across the cord and their mean was calculated.

Statistical analysis {#sec2-4}
--------------------

The paired student\'s 't' test was applied to compare FA values between patients and controls, and a *P* value of less than 0.05 was considered statistically significant.

Results {#sec1-3}
=======

FA values were calculated in three ROIs in either the cervical region or at the conus region. Details of FA values, including clinical data, are given in Tables [1](#T1){ref-type="table"}--[3](#T3){ref-type="table"}. [Figure 1](#F1){ref-type="fig"} (B--D) shows the placement of ROIs on the axial image with colored maps of ADC and FA, and [Figure 1E](#F1){ref-type="fig"} shows the fiber tractography image. The FA value was found to be 0.550±0.09 in the control group and 0.367±0.14 in patients; this difference in FA values was statistically significant (*P*=0.001). Conventional T2W imaging did not show any signal changes in the cord above or below the lesion and at the same levels the FA values were obtained. [Figure 1A](#F1){ref-type="fig"} shows reconstructed T2W image of a patient with cervical cord injury, with signal loss due to postoperative screws in the pedicles and normal appearing dorsolumbar cord where FA values were calculated.
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Time since injury for imaging with fractional anisotropy (FA) values in patients

![](IJRI-21-221-g001)

###### 

Fractional anisotropy values in the control group
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###### 

Clinical details of patients
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![This patient sustained a road traffic accident with cervical cord injury. He had 0/5 power in both lower limbs and 4/5 power in both upper limbs. T2W sagittal MRI (A) shows cervical cord injury with a normal appearing lower cord. The line drawn at D11 shows the level of axial images. Figure B shows placement of the ROI with a colored map of the FA (C) and a colored ADC map (D). Figure E shows a colored fiber tractography image. The FA values at three ROIs were 0.275±0.0471, 0.315±0.0593, and 0.393±0.0687 which are significantly lower than the control group, suggesting possibly descending Wallerian degeneration in the lower cord.](IJRI-21-221-g004){#F1}

Discussion {#sec1-4}
==========

DTI is being widely used in the brain for various applications. DTI in diffuse axonal injury has been extensively studied.\[[@ref4][@ref5]\] Recently, the feasibility of tensor imaging in the spinal cord has been tested both in the cervical and the lower cords.\[[@ref3][@ref6]\] The clinical application of tensor imaging in spinal cord lesions due to trauma, tumors, and inflammation has shown the usefulness of this technique. DTI has even been able to demonstrate displaced white matter tracts or their involvement by lesions in the cord, thus helping treatment planning and follow-up of cases.\[[@ref7]\]

The greatest advantage of tensor imaging is that it can show changes in white matter tracts even in cases where routine imaging is normal. In diffuse axonal injury, where routine CT (Computed tomography) scan and MRI were normal, there was reduction in diffusion anisotropy after 24 h, suggesting axonal injury.\[[@ref4]\] Similarly, in demyelinating disease such as multiple sclerosis, reduced FA in the cervical cord has been demonstrated in patients as compared to controls, although routine MRI imaging was normal.\[[@ref3]\] Also, it has been well documented that signal changes seen on routine MRI may not correlate with neurological deficits and clinical findings, whereas DTI has been shown to correlate with motor deficits.\[[@ref8]\] In experimental studies, changes in axial diffusivity on DTI in the spinal cord injury as early as 3 h after trauma were seen to be a predictor of long-term motor recovery as DTI can detect early subclinical physiological changes in the cord.\[[@ref9]\]

We have studied changes in DTI metrics in the cervical and lower cord in the spinal cord injury patients. We found significantly reduced FA in the cord either above or below the site of injury, although routine imaging did not show any signal changes. We found reduced FA values in the lower cord if there was injury in the cervical region and reduced FA in the cervical region if there was injury to the lower cord. This finding suggests that there is associated ascending and descending Wallerian degeneration, which can be detected by tensor imaging. Similar findings were detected by Mohammed *et al*, on DTI imaging in children with spinal cord injury.\[[@ref10]\]

Wallerian degeneration above or below the injury level has also been demonstrated on pathological examination.\[[@ref2]\] Buss *et al*, has shown that there is sequential loss of myelin proteins during Wallerian degeneration after spinal cord injury that can be seen years after injury.\[[@ref11]\] Similarly, tensor imaging in a rat model with spinal cord contusion has shown evolving changes in the ADC with recovery in ADC values with time suggesting that recovery from spinal cord injury is a dynamic process that goes on for years.\[[@ref12]\]

Recently, stem cell therapy for spinal cord injury patients is being tried with the hope of achieving axonal regeneration and recovery.\[[@ref13][@ref14]\] Studies show that persistence of axon growth-inhibitory proteins such as NOGO-A in degenerating fiber tracts may keep the environment favorable for axonal regeneration long after injury.\[[@ref11]\] Thus in the future, the use of stem cells in patients with spinal cord injury may perhaps prove to be a promising therapy. Thus, tensor imaging has the potential to noninvasively identify axonal regeneration after stem cell therapy.

In conclusion, DTI in the spinal cord is a feasible technique. As seen in our study, it can detect Wallerian degeneration, which is not detected on routine imaging. Also, as documented in other studies, it correlates well with motor deficits and is a predictor of long-term motor recovery.
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